Despite the description of bioregions dates back from the origin of biogeography, the 18 processes originating their associated species pools have been seldom studied. Ancient 19 historical events are thought to play a fundamental role in configuring bioregions, but 20 the effects of more recent events on these regional biotas are largely unknown. We use a 21 network approach to identify regional and sub-regional faunas of European Carabus 22 beetles, and analyse the effects of dispersal barriers, niche similarities and phylogenetic 23 history on their configuration. We identify a transition zone matching the limit of the ice 24 sheets at Last Glacial Maximum. While southern species pools are mostly separated by 25 dispersal barriers, in the north species are mainly sorted by their environmental niches. 26
Introduction 34
Naturalists have long been captivated by the geographic distribution of world biotas. 35
Rooted in the seminal ideas by Alexandre von Humbolt, this fascination has promoted a 36 long-term research agenda aiming to delineate biogeographic regions according to their 37 integrating faunas and floras (e.g. Wallace 1876 , Holt et al. 2013 , Rueda et al. 2013 Besides this, the large-scale eco-evolutionary processes that shape regional biotas are 39 known to influence ecological and evolutionary dynamics at finer scales (Ricklefs 2008 (Ricklefs , 40 2015 . For instance, regional species pools can modulate local diversity patterns 41 (Ricklefs 2011 , Medina et al. 2014 , Ricklefs and He 2016 , the structure and 42 functioning of ecosystems (Naeslund and Norberg 2006) , or co-evolutionary processes 43 (Calatayud et al. 2016a ). However, despite their fundamental importance, the processes 44 that have configured regional biotas have been seldom studied (and particularly the 45 historical ones), and most explanations on their origin and dynamics remain largely 46 narrative (Crisp et al. 2011). 47 Perhaps the earliest speculations about the formation of regional species pools 48 took place during the flourishment of bioregionalizations in the mid-19th century 49 (reviewed by Ebach 2015). During that time, and beyond referring to geophysical 50 factors (climate, soils, and physical barriers), some authors already started to emphasize 51 historical influences as key elements determining the configuration of plant and animal 52 regions. For instance, when Wallace (1876) proposed his ground-breaking 53 zoogeographic regions, he argued that while the distribution of ancient linages such as 54 genera and families would likely reflect major geological and climatic changes spanning 55 the early and mid-Cenozoic, species distributions would be more influenced by recent 56 events such as Pleistocene glaciations (see Rueda et al. 2013 ). These recent events could 57 have fostered many additions and subtractions of species to regional faunas through 58 dispersal and diversification processes. Indeed, increasing evidence suggests that 59 the signature of Pleistocene glaciations scales up to the configuration of regional biotas 67 remains largely unknown. 68
Historical contingencies should act over the intricate interplay between 69 ecological (i.e. environmental tolerances and dispersal) and evolutionary (i.e. 70 diversification and adaptation to new habitats) processes underpinning the composition 71 and structure of regional species pools. On the one hand, niche-based processes may 72 determine the composition of regional species pools (Mittelbach and Schemske 2015), 73 mainly throughout their effects on species distribution ranges (Soberon 2007 , Hortal et 74 al. 2010 . These processes integrate responses to abiotic conditions along 75 geographical gradients and to local and regional biotic environments (Colwell et al. 76 2009), which may ultimately lead to the appearance of distinct regional communities in 77 areas of contrasted environmental conditions (Ricklefs 2015) . Although species with 78 similar environmental tolerances/preferences can coexist in regions of similar climate, 79 their dispersal may be constrained by geographical barriers, which may lead to 80 divergent species pools under similar environmental conditions. Finally, evolutionary 81 processes also constrain all these mechanisms. For instance, environmental-driven 82 regions may be expected if occupancy of new areas is constrained by niche 83 conservatism (Hortal et al. 2011) , which should also lead to species pools integrated of 84 evolutionary related species (i.e. niche conservatism generating phylogenetically 85 clustered species pools, Fig.1a ). This, however, can be in turn filtered by 86 biogeographical processes (Gouveia et al. 2014 ). As such, diversification of lineages 87 within regions separated by strong dispersal barriers (e.g. mountain ranges) may also 88 lead to phylogenetically clustered pools of locally adapted species (i.e. geographically 89 driven niche conservatism; Fig.1a ; Warren et al. 2014 , Calatayud et al. 2016a ). 90
Historical contingencies may contribute to the configuration of regional pools by 91 modifying the balance between these processes. For example, differential diversification 92 rates may be the predominant driver of regional species pools during climatically stable 93 periods (Cardillo 2011 ). Yet, regions with a greater influence of climatic fluctuations 94 such as Pleistocene glaciations may harbour pools of species mostly shaped by the joint 95 effects of current climate and post-glacial colonization dynamics (Svenning et al. 2015) , 96 as well as by species' competition during these colonization processes (Horreo et al. 97 2018), thus eroding the signature of geographically-structured diversification processes. 98
In this study we aim to disentangle the relative importance of the processes 99 that may contribute to the formation of regional species pools, using European Carabus 100 (Coleoptera: Carabidae) as a model lineage. Carabus is a species-rich ground beetle 101 genus of great popularity due to the beautiful jewel-like appearance of some species 102 (Turin et al. 2003) . In general, Carabus species are flightless nocturnal predators of 103 snails, earthworms and caterpillars. They hold hydrophilic adaptations and are typically 104 associated to deciduous forests (Deuve et al. 2012) . Previous evidence suggests that the 105 richness of species from this genus in Europe is determined to a large extent by both 106 current environmental conditions (i.e. climate and habitat) and glacial-interglacial 107 dynamics (Calatayud et al. 2016b ). This makes European Carabus an ideal case study to 108 evaluate the joint effects of evolutionary, ecological and historical contingency 109 processes as drivers of regional species pools. 110 Specifically, we use data on the distribution and evolutionary relationships of 111
Carabus species, along with network and phylogenetic analyses, to evaluate six 112 hypotheses: First, given the presumed low dispersal capacity of the species from this 113 genus (Turin et al. 2003) , we hypothesize that (H1) European Carabus species pools are 114 mainly shaped by the main orographic barriers of the continent, but also, that (H2) 115 glacial-interglacial dynamics have led to strong differentiation between northern and 116 southern regional species pools. If this differentiation is true, northern European 117
Carabus faunas will be comprised of species that colonized newly vacant habitats after 118 the withdrawal of the ice sheet, and hence (H3) their regional distribution will be mostly 119 determined by current climate. In contrast, (H4) southern faunas will be mainly shaped 120 by the joint influence of diversification events and dispersal limitations, due to the 121 combined effect of higher climatic stability (e.g. climatic refugia) and a more complex 122 orography (Alps, Pyrenees, Carpathians). Therefore, (H5) species forming northern 123 regional pools will exhibit comparatively lower levels of regional endemicity, whereas 124 those forming southern regional pools will show comparatively higher levels of regional 125 affinity. Finally, according to Wallace (1876) , the advance and retreat of the ice sheets 126 during the Pleistocene should have determined the spatial distribution of lineages, 127 eroding the effects of the former configuration of the distribution of the main Carabus 128 lineages. Therefore, (H6) we expect a temporal signal coincident with the Pleistocene in 129
Exploring the determinants of regional faunas requires jointly analysing ecological, 135 evolutionary and historical factors. We did so through three consecutive steps ( Fig.1b) . 136
First, we identified distinct regional species pools within Europe by using a network 137 community detection algorithm. From this analysis we derived a species pairwise 138 similarity matrix of occurrence into different modules, each one representing different 139 regions. Second, we assessed the relative importance of environmental, spatial and 140 evolutionary determinants of such similarity. To do so, we constructed four pairwise 141 matrices to describe ecological, topographical and evolutionary relationships among 142 species; namely, i) a matrix of climatic niche similarity, ii) a matrix of habitat similarity, 143
iii) a matrix of spatial connectivity among distributional ranges, and iv) a phylogenetic 144 distance matrix. Then, we used generalized partial matrix regressions to model the 145 similarity in species occurrences as a function of these four matrices ( Fig.1b ). We used 146 this workflow to explore the factors involved in the configuration of Carabus faunas 147 both at regional (i.e. through analysing Carabus species co-occurrence across regions) 148 and sub-regional scale (i.e. focusing on co-occurrence patterns within sub-regions). 149
Finally, we also applied ancestral range estimation analysis in order to identify the time 150 period from which ancestral areas are estimated with less uncertainty. By doing so, we 151 aimed to detect important historical periods contributing to the regional organization of 152
Carabus lineages. 153
The interpretation of the joint and independent effects of explanatory matrices 154 can shed light on the different processes configuring regional faunas (see Fig.1a ). Thus, 155 if niche similarities (i.e. represented by the climatic and habitat similarity matrices) and 156 phylogenetic distances altogether explained the regional co-occurrence of species, then 157 this could be interpreted as indicative of constrained niche evolution (or a tendency to 158 resemble ancestral niches) in shaping regional faunas ( Fig.1a .i). However, if spatial 159 connectivity also accounted for part of this co-occurrence, this would indicate that this 160 niche conservatism pattern can be caused by geographical constrains (Fig.1a .ii). Further, 161 the effects of niche similarities and spatial connectivity alone (i.e. without phylogenetic 162 signal) can be most likely the consequence of a convergence of climatic niches due to 163 geographic isolation ( Fig.1a .iii), whereas the effects of connectivity and phylogeny 164 would be indicative of a primacy of intra-regional speciation driven by geographical 165 barriers. Niche similarities alone would point to an unconstrained niche evolution 166 shaping regional faunas, while phylogeny alone would indicate a primacy of 167 geographically unconstrained intra-regional speciation events. Finally, either a cul-de-168 sac effect (i.e. the accumulation of species in past climatic refugia) or a primacy of 169 vicariant speciation events could lead to the existence of independent effects of 170 connectivity and regional co-occurrence ( Fig.1a .iv). 171 172 Identification of regional species pools 173
We took advantage of community detection analysis -borrowed from network 174 theory-to identify Carabus regional species pools in Europe. We first generated a 175 bipartite network where species and grid cells constitute two disjoint sets of nodes that 176 are connected according to the presence of species in grid cells (e.g. Calatayud et al. Finally, to detect potential sub-modules (i.e. sub-regions) nested within modules (i.e. 195 sub-regional species pools within regional species pools), we derived a new bipartite 196 network from each of the previously identified modules, and applied the procedure 197 described above in each case. 198
It is important to note that despite species and grid cells were assigned to just 199 one module, they could also occur in other modules with different degrees of 200 specificity. For example, despite most species in a grid cell will belong to the same 201 module the cell does, this cell could also hold species that are primarily associated to 202 other modules. Similarly, although a species will mostly be present in cells assigned to 203 its module, it may also occur in cells from other modules. Thus, we calculated the 204 degree of module specificity for each node (i.e. species and grid cells) as its number of 205 links with nodes of its module divided by its total number links (see Guimera and 206 Amaral's 2005 inter-modular participation index for a similar metric). Thus, higher 207 module specificity would correspond to species mainly distributed within its module 208 (highly endemic species), as well as to cells pertaining to well-defined regions; whereas 209 lower module specificity would indicate widespread species and cells located in 210 transition zones. 211
212
Assessing the determinants of regional species pools 213
To disentangle the determinants of the current configuration of Carabus faunas in 214 Europe, we first generated a species-per-module matrix, where each entry of the matrix 215 represents the percentage of the distributional range of a certain species that lies in a 216
given module. Then, we derived a co-occurrence pairwise similarity matrix from the 217 former matrix using the Schoener's index (Schoener 1970 ). This metric quantifies the 218 overlap between species pairs throughout the modules (see Krasnov et al. 2012 for a 219 previous application) and it ranges from 0 (no overlap) to 1 (identical distribution across 220 modules). Note that this similarity matrix reflects the co-occurrence similarities at 221 regional scale, thus ignoring distributional patterns at lower spatial scales (i.e. two 222 species may have identical regional distribution but appear as segregated at the local 223 scale). The resultant co-occurrence pairwise similarity matrix was used as dependent 224 variable. We generated four different pairwise dis/similarity matrices to be used as 225 explanatory variables. Two of them were used to account for environmental factors: (i) 226 a climatic-niche similarity matrix and (ii) a habitat similarity matrix. The remaining two 227 considered geographical and evolutionary factors: (iii) a spatial-connectivity matrix and 228 (iv) a phylogenetic distance matrix. 229 230 i) Climatic-niche similarity matrix. We characterized the climatic niche of each Carabus 231 species in the dataset following a similar approach as proposed by Broennimann et al. 232
(2012). We selected six bioclimatic variables to account for the main water and energy 233 aspects of climate -namely mean annual temperature, temperature of the warmest 234 quarter, temperature of the driest quarter, total annual precipitation, total precipitation of 235 the warmest quarter and total precipitation of the driest quarter-and altitudinal range to 236 account for the effects of mesoclimatic gradients within each grid cell. These variables 237 may be among the main determinants of the distribution of Carabus species diversity 238 within Europe (see Calatayud et al. 2016b ). Bioclimatic variables were extracted from 239 Worldclim (v1.4 Hijmans et al. 2005 ; available at http://www.worldclim.org/), whereas 240 altitudinal data were derived from the 30-arcsecond digital elevation model GTOPO30 241 (available at https://lta.cr.usgs.gov/GTOPO30). We conducted a principal component 242 analysis on these variables to obtain a bidimensional climatic space defined by the two 243 main axes, that explained 81.4% of the variance (Fig. S1 ). Finally, we divided this 244 climatic space into a 100X100 grid and calculated species overlap in the gridded space 245 editing the phylogenetic trees (see Figures S2 and S3 ). To account for topological and 302 time-calibration uncertainties, we used 100 phylogenies sampled from the posterior 303 distribution for each molecular dating scenario. In addition, we used taxonomic 304 information and phylogenetic uncertainty methods (Rangel et al. 2015) to place species 305 lacking molecular information into the phylogeny (see Appendix S1). Thus, we derived 306 100 different phylogenetic hypotheses from each Bayesian posterior phylogeny by 307 randomly inserting missing species within their most derived consensus clade based on 308 taxonomic knowledge. In total, we generated 20,000 phylogenetic hypotheses (100 309 phylogenies per two molecular dating scenarios per 100 phylogenies accounting for 310 uncertainties associated with lack of molecular data) that were used in subsequent 311 analyses. Pairwise phylogenetic distances were calculated for each calibrated phylogeny 312 using the function cophenetic implemented in the APE R package (Paradis et al. 2004) . 313
314
We used generalized multiple regression on distance matrices and deviance 315 partitioning to disentangle the relative importance of climatic niche, habitat preferences, 316 dispersal barriers and evolutionary history in determining Carabus species pools in 317
Europe. First, we conducted single regressions between the co-occurrence pairwise 318 similarity matrix and each of the four explanatory matrices described above to seek for 319 significant associations between the variables. We set a binomial family for error 320 distribution and "logit" as the link function (see Ferrier et al. 2007 and Calatayud et al. 321 2016a for a similar approach). To assess for significance, we randomized the observed 322 species per module matrix using the independent swap algorithm (see above) to derive 323 999 null occurrence similarity matrices. Then, we used simple regressions to relate each 324 null similarity matrix with each one of the explanatory matrices. The relationship 325 between an explanatory matrix and the observed species per module matrix was 326 considered to be significant when it explained a higher proportion of the deviance than 327 99% of the regressions performed on the null matrices. In the case of phylogenetic 328 pairwise distances we repeated this procedure for each phylogenetic hypothesis to 329 consider phylogenetic uncertainties, applying the same criterion for significance. 330
Finally, we retained those variables that showed significant relationships, and conducted 331 variance partitioning among explanatory matrices (Legendre and Legendre 2012) to 332 explore patterns of covariation among niche similarities (i.e. climatic and habitat 333 similarity matrices), dispersal barriers and phylogenetic history. We conducted the 334 analyses for the co-occurrence into modules (i.e. regions) and sub-modules (i.e. sub-335 regions) both at a European and regional (i.e. co-occurrence into sub-modules of each 336 module) scales. representatives from outside Europe (mainly Asiatic species) that were not included in 376 the analyses. Hence, we conducted additional analyses to provide further evidence on 377 the temporal signal in the phylogenetic structuration of Carabus faunas coinciding with 378 Pleistocene glaciations. To do so, we first generated a binomial variable based on the 379 module affiliation of the species descending from each internal phylogenetic node, 380 coding the phylogenetic nodes whose all descendant species were classified into the 381 same region as 1, and 0 otherwise. Then, we conducted the analytical approach 382 explained above, in this case fitting this binomial variable as a function of node age. 383
This analysis would further elucidate if there is a breakpoint in the relationship between 384 node age and the probability that all descendant species belong to the same region (see 385
Appendix S2 for details and another complementary approach). Finally, we also 386 explored whether there are differences between regions in the Pleistocene signal on the 387 phylogenetic structure of their faunas. For each region we calculated the probability that 
Identification of regional faunas 399
The Carabus occurrence network was significantly modular (M=0.385, p=0.01), 400 dividing Europe in seven modules that group zoogeographically distinct regions with 401 their associated faunas (i.e., different regional species pools; Figs. 2a and S4) . 402 Furthermore, all modules but module 2 showed significant sub-modular structure, 403 presenting a decrease in modularity with latitude (mean M=0.316, ranging from 0.154 404 to 0.468; all p-values < 0.05, see Table S4 ). Regarding transition zones between regions, and in agreement with our first 421 hypothesis, we found that they were clearly associated with geographical barriers such 422 as the Pyrenees, the Alps, the Carpathian and the Ural Mountains, as well as the Turkish 423
Straits System (that connects the Black Sea to the Aegean separating the Anatolian and 424
Greek peninsulas; Fig. 2b ). Interestingly, we also identified a west-to-east transitional 425 belt between southern and northern regions that closely followed the southern limits of 426 the ice sheet at the Last Glacial Maximum (LGM). This transitional zone further 427 suggested a link between the configuration of Carabus regional faunas and Pleistocene 428 glacial conditions, supporting our hypothesis 2. 429 430
Correlates of regional co-occurrence 431
Matrix regressions showed that deviance of species co-occurrences across regions, 432 across sub-regions and within each region was significantly explained (p<0.01), 433 primarily by environmental niche similarity, and secondarily by spatial connectivity, 434 except for northern regions (i.e. modules 5 and 6; Fig. 3 and Table S5 ). In contrast, 435 relationships with evolutionary relatedness were non significant in all instances and 436 regardless of the phylogenetic hypothesis used (p>0.01 in all cases, see Table S5 ). 437
Comparing both types of subdivisions, environmental niche similarity explained more 438 deviance across sub-regions than across regions, whereas spatial connectivity did the 439 reverse (see Fig. 3 ). Comparing explained deviances between regions, the primacy of 440 environmental niche similarity (mostly climate, see Table S5 ) in the northern ones (5 441 and 6) is consistent with the notion that northern regional pools are geographically 442 sorted by current climate (our hypothesis 3), whereas the importance shown by spatial 443 connectivity in the remaining regions is consistent with the more complex orography of 444 central and southern Europe (consistent with hypothesis 4). showed that node marginal probability of the most probable state increased towards 451 younger nodes (P<0.01, explained deviance =7.49%, Fig. 4a ). However, this increase 452 showed a steep increment coinciding with the Pleistocene. Indeed, piecewise regression 453 revealed that the relationship between marginal state probability and node age changed 454 at 1.51 Mya (median value; with 45 th and 55 th percentiles at 1.24 and 1.89 Mya., 455 respectively; Fig. 4a and S5 ), suggesting that most of the phylogenetic structuration of 456
Carabus faunas began around the Pleistocene. Similarly, the probability for a 457 phylogenetic node to have all descendant associated to same region increased toward 458 younger nodes with a break point roughly associated with the Plio-Pleistocene transition 459 (3.70 Mya.; 45 th and 55 th percentiles at 2.47 and 4.48 Mya.; see Fig. S6 ). In both cases 460 the breakpoints associated to the Pleistocene were significant (P < 0.01). 461
In agreement with these results, we found that the probability of finding 462 phylogenetic nodes having all descendant belonging to the same region was higher for 463 post-Pleistocene nodes (median at 0.21; 25 th and 75 th percentiles at 0.20 and 0.23, 464 respectively; Fig. 4a ) than for pre-Pleistocene ones (median at 0.10; 25 th and 75 th 465 percentiles at 0.08 and 0.11). The phylogenies based on Andujar's calibration yield 466 similar probabilities for both types of nodes (median at 0.15; 25 th and 75 th percentile at 467 0.14 and 0.17; and median at 0.16; 25 th and 75 th percentile at 0.14 and 0.18; respectively 468 for pre-and post-Pleistocene nodes, see Fig. S7 ). These low probabilities are, 469 nonetheless, congruent with the lack of phylogenetic signal in module co-occurrence 470 previously found. Interestingly, and regardless of calibration scheme, the probabilities 471 found for both type of nodes (i.e. pre-and post-Pleistocene) were higher in southern and 472 central regions than in northern ones (Fig. 4b ). This suggests that regions not covered 473 by ice during the LGM can still reflect some old historical legacies (as shown by the 474 higher pre-Pleistocene node probability) while accumulating some related lineages that 475 diversify during and after the Pleistocene (as indicated by the higher post-Pleistocene 476 node probability). Besides the Pleistocene effects in the definition and geographical structure of 507 regional species pools, we also found evidence of the imprint of this geological period 508 on the processes configuring the distribution of Carabus faunas. The general strong 509 relationship between regional patterns of co-occurrence and both niche similarities and 510 spatial connectivity shows that co-occurring species tend to have similar realized 511 environmental niches and that also tend to be geographically constrained by the same 512 dispersal barriers. This latter result was expected given the -presumedlow dispersal 513 capacity of Carabus species (see Turin et al. 2003) , which is likely to be behind the 514 spatial coincidence of module transition zones and geographical barriers. Perhaps more 515 unexpected is the weak effect of phylogenetic distances despite the strong relationship 516 between regional co-occurrence and niche similarities. This implies that geographical 517 barriers rather than climatic-niche conservatism have restricted species distributions 518 even within regions of similar climate. These results also point to that Carabus niche 519 evolution is, to some extent, evolutionarily unconstrained, which is congruent with the 520 general high adaptation capacity of insects (e.g. Overgaard and Sørensen 2008) . 521
Whatever the origin of the relationship between species occurrence and 522 environmental conditions, what is certainly true is that its strength changes between 523 regions. These changes follow a latitudinal gradient in the importance of environmental 524 niche similarities (Fig. 3) . The occurrence into sub-regions is more strongly related to 525 the similarity in the realized niche in the north than in the south. This might be a direct 526 consequence of the effects of post-glacial colonization, where formerly glaciated areas 527
show a clear sorting of species due to its environmental preferences. On the contrary, in 528 southern regions, species are expected to had have more time to diversify and sort 529 geographically by other factors besides climate (Hortal et al. 2011). Our findings 530 corroborated this idea since we found strong effects of dispersal barriers in these areas. 531
Moreover, although we did not find a significant phylogenetic signal in the subregional 532 co-ocurrence over these regions, our analyses revealed that they hold a small but still 533 larger number of related species compared to northern ones, supporting that more stable 534 regions are more prone to accumulate related species. 535
Despite of these related species of southern regions, we found a generalized 536 lack of phylogenetic structuration of Carabus faunas. This can be the outcome of -537 relatively-recent speciation events due to vicariance and/or a "cul-de-sac effect" 538 (O'Regan 2008). The former would imply the formation of dispersal barriers promoting 539 the geographical split of many lineages and subsequent allopatric speciation (Weeks et 540 al. 2016 ). Yet, the geophysical accidents that can be associated with the limits of the 541 Carabus regions we found here largely predate the origin of the genus (see Beccaluva et 542 al. 1998 , Deuve et al. 2012 ). On the other hand, a generalized dispersion into climatic 543 refugia, together with a subsequent stagnancy within them (i.e. a "cul-de-sac" effect) 544 may also produce the observed mixing of unrelated linages into regions. Although it is 545 difficult to distinguish between both processes, the latter seems more plausible, with 546 southern regions accumulating unrelated species while acting as glacial refugia, and 547 northern ones being recolonized by unrelated species with similar environmental niches 548 and/or simply higher dispersal capacity (Svenning and Skov 2007) . 549
Supporting the Pleistocene signature, our results showed a temporal coincidence 550 between this geological period and the phylogenetic structuration of Carabus faunas. 551
This result was consistent regardless of the different approaches used and across the 552 different time calibration scenarios. This robust temporal coincidence supports that the 553 current regional organization of Carabus species and lineages is rooted at the 554 Pleistocene, which also explains the general lack of phylogenetic structure of regional 555 required to determine which characteristics allowed some Carabus to persist under 570 glacial conditions. In sum, these findings suggest that the repeated advances and retreats 571 of ice sheets and glacial conditions that characterize the European Pleistocene produced 572 repeated cycles of retreat to southern regions and advance towards the north of Carabus 573 species, a hustle-and-bustle process that ultimately led to the observed mixing of 574 unrelated lineages, with few related species inhabiting in less affected regions. 575
To summarize, our results provide solid arguments in favour of the importance 576 of Pleistocene glaciations along with geographical barriers and niche-based processes in 577 structuring the regional faunas of European Carabus. On the one hand, this group's 578 faunas are primarily delimited by the location of the southern limit of the ice sheet at 579
LGM, which separates two large regions that differ not only in species composition, but 580 also in the processes underlying the spatial organization of these species. On the other 581 hand, the phylogenetic structure of these faunas coincides with the beginning of the 582
Pleistocene. This implies that the geographical distribution of species and lineages is 583 profoundly shaped by past climates. Moreover, our results also suggest that ecological 584 Lineages showing a high number of related species belonging to the same region are 889 higlighted as: "A" for Platycarabus subgenus; "B" for Morphocarabus; and "C" for 890
Orinocarabus . The dashed line corresponds with the average breakpoint (median) 891
where the probability of finding a node with all descendat species grouped in the same 892 region increases (see also Fig. S6 ). The shaded area depicts the 45 th and 55 th percentiles. 893
